, W. 2010. Effect of grazing mixtures of alfalfa and orchardgrass grown in strips on the incidence of bloat in cattle. Can. J. Anim. Sci. 90: 109Á112. Steers were grazed on pastures with alfalfa and orchardgrass grown in monoculture strips with alfalfa covering 100, 75 or 50% of the ground area. The forages were maintained at an early stage of growth during the trial. The incidence of frothy bloat in cattle was reduced by 70 to 90% when grass was a component of the pasture. Given unconstrained free choice, the legume was preferred over the grass by steers. Des bouvillons ont e´te´mis a`l'herbe sur des paˆturages ou`la luzerne et le dactyle pelotonne´e´taient cultive´s en bandes distinctes, la luzerne correspondant a`100, a`75 ou a`50% de la surface. Les espe`ces fourrage`res ont e´te´maintenues au de´but de leur croissance durant l'essai. Le me´te´orisme a diminue´de 70 a`90% chez les bovins paissant dans les paˆturages ou`poussait la gramine´e. Les bouvillons, qui pouvaient se nourrir a`leur gre´sans contraintes, pre´fe´raient la le´gumineuse a`la gramine´e.
Mixed pastures can enhance animal performance, especially if legumes are intercropped with grasses. Animal production improved when alfalfa (Medicago sativa L.) or white clover (Trifolium repens L.) were included in pasture mixtures with grasses (Popp et al. 2000; Papadopoulos et al. 2001) . As well, cattle selected forage of superior nutritional value in mixed swards (Popp et al. 1999) . Studies with grazing dairy heifers have shown a nutritional advantage for pastures containing adjacent monoculture strips of perennial ryegrass (Lolium perenne L.) and white clover (Rutter et al. 2004 ). The animals' preference for the clover over grass also resulted in production benefits (Rutter 2006) . However, the potential economic impact of pasture bloat was not considered in the study of Rutter et al. (2004) , nor did the authors report on the stage of growth of the white clover or its nutrient quality. The latter are generally accepted as critical factors in the etiology of frothy bloat induced by alfalfa (Thompson et al. 2000; Mayland et al. 2007) , and white clover is known to cause bloat (McArther and Miltimore 1969) . The potential occurrence of bloat has limited the widespread utilization of grass-legume grazing systems containing more than 30% alfalfa.
The present study further develops management strategies to minimize the occurrence of bloat under grazing conditions. Orchardgrass (Dactylis glomerata L.) has been previously shown to reduce bloat when it was a component of mechanically harvested alfalfa or when it was fed as a hay supplement before grazing alfalfa (Majak et al. 2003 (Majak et al. , 2008 . The objective of this trial was to determine if allowing cattle to graze monoculture strips of orchardgrass and alfalfa would minimize the risk of bloat.
The alfalfa (cv. AC Bluejay) and orchardgrass (cv. Kay) were seeded in adjacent strips in 2005 and grown under irrigation (Fig. 1 ) to provide 100, 75 and 50% alfalfa by ground area in contiguous pastures, 0.4 ha each. The layout was designed to avoid edge effects. During grazing periods the pastures were divided by electric fencing as were daily grazing allotments, which were separated transversely. The area allocated for grazing was set to ensure that there was surplus forage of both species remaining at the end of each day. Permanent fencing surrounded the 1.2 ha site at Kamloops. Mowing was used to maintain the alfalfa at the vegetative to early bud stage of growth and to prevent the grass (30Á40 cm in height) from heading out during the grazing trials. Nitrogen fertilizer was added to the grass at the start and at the mid point of the grazing season.
Studies with mature ruminally fistulated Jersey steers were carried out at Kamloops, BC, during the summers of 2007 and 2008. The animals grazed the pastures (Fig. 1 ) 6 h d
(1 from 0700 to 1300; when the steers were not on pasture water was available but not feed. In 2007, the trial had a three-period crossover design using three groups of animals with three animals per group (exp. 1) with every group being exposed to all three treatments. Unlike continuous grazing, a 6-h daily grazing regimen is a much more rigorous test of a treatment owing to the much higher incidence of bloat (Majak et al. 1995) . The length of each period of the crossover trial continued until the sum of the cases of bloat from the three groups reached a minimum of 24 with the exception of the third period in 2007, when a minimum of 17 cases of bloat was used in the statistical analysis due to the illness of one animal. Two crossover experiments were carried out in 2008 using two groups of animals in each trial, three animals per group; these steers had been used in the 2007 experiment. During exp. 2, animals grazed 100% alfalfa and the 75% alfalfa-grass mixture. In exp. 3, the steers grazed the 100% and the 50% alfalfa-grass strips ( Fig. 1 ). Animals were cared for following the guidelines of the Canadian Council on Animal Care (1993). Ruminal cannulae were opened in the field when distension was visually apparent (Mayland et al. 2007) to relieve pressure and to assess the severity of bloat (Majak et al. 1995) . A single animal bloating on 1 d was counted as one animal day of bloat, but the animal may have distended more than once on that day. The number of distensions per animal day was also recorded. All steers used had a propensity to bloat. The animal data for each crossover trial (exps. 1, 2 and 3) were analyzed separately. Comparisons of the effects of the pasture grass component on the occurrence of bloat were made using Cochran's Q-test (Cochran 1950 ) adapted for crossover designs. Comparisons of feed quality between treatments and within crossover periods were made using analysis of variance followed by a least square significant difference test for means separation using a significance level of 0.05. Grass and legume were sampled by clipping at approximate grazing height and samples were analyzed separately.
Grass or legume preference in 2007 was determined by a single observer to which the animals were accustomed. The location of the steers, i.e., alfalfa or orchardgrass, was recorded every 10 min for 2 h between 0700 and 0900 on 32 occasions spread across the three periods. The time spent in each forage area was used to indicate the forage of preference. The first 2 h were chosen as this was the time of most active grazing and a percentage of time each animal was grazing alfalfa was calculated. In the analysis a single percentage of time spent consuming alfalfa was used per animal per day, with the number of days per period being 14, 12, and 6 during periods 1, 2, and 3 respectively. Animals were the subjects in the experiment and the data were analyzed as a two-way repeated measures ANOVA with interaction using period and treatments as main effects and animals as subjects.
The composition of the forages during the three experiments is shown in Table 1 . Within an experiment the dry matter (DM), crude protein (CP) and neutral detergent fibre (NDF) were consistent between treatments for both alfalfa and orchardgrass. However, a significant increase in CP and a concomitant decrease in DM and NDF (P B0.05) were detected for alfalfa during the third crossover period in exp. 1 ('2, (4 and (5 percentage units, respectively). This can be attributed to the cutting management that promoted rapid regrowth of alfalfa and the resultant much greater incidence in bloat during that specific period (three cases of bloat per day).
In general, the elevated CP values in Table 1 can be attributed to field management strategies, which provided continuous availability of alfalfa at vegetative to early bud stages of growth, which, in turn, induced the acute onset of bloat even in the pastures containing 50% of the area in grass ( Table 2) . Inclusion of 50% grass in a mixed alfalfa-grass pasture for grazing is commonly recommended to reduce the risk of bloat (Popp et al. 2000) . The present study highlights the critical impact of the stage of growth of alfalfa with respect to the onset of bloat. In practice, a more advanced stage of growth of alfalfa, in combination with a grass component, would be both feasible and beneficial to reduce the risk of bloat. It should be reiterated that the study on mixtures of white clover and ryegrass (Rutter et al. 2004 ) did not report on legume maturity, and thus advanced stages of There was a significant difference among treatments in exp. 1 ( Table 2 ). The frequency of bloat was reduced in the 75% alfalfa mixture compared with the control. However, the frequency of bloat was similar among the 75 and 50% alfalfa treatments (P 00.11) even though the number and frequency of bloats were markedly lower on the 50% alfalfa treatment. In both exps. 2 and 3, significantly less bloat occurred when grass was a component of the pasture area than when it was not (Table 2) . Overall, the grass component reduced the incidence of bloat by 70Á90% compared with the control. In short, a reduction in bloat occurred if orchardgrass was grazed concurrently with alfalfa even when the legume was at very early and potent stages of growth with very high levels of protein and low NDF levels (Table 1) . Approximately 36% of the animals that bloated had multiple distensions (Table 2) ; however, this percentage did not vary among treatments (P 0.05), further signifying the equal potency of the alfalfa in different pastures, across all treatments.
In a previous study it was observed that supplementation with orchardgrass hay was much more effective in reducing bloat than was alfalfa hay (Majak et al. 2008) . This suggests that the decrease in bloat in mixed pastures (Table 2) was more than an effect of forage dilution. It points to an interaction of dietary components where, compared with alfalfa, the NDF content of grass was approximately twice as great and its crude protein almost half (Table 1) . Soluble proteins of alfalfa contribute to froth formation in the rumen (Hall and Majak 1989) , but components of grass could reduce this effect. As well, orchardgrass could have had an impact on rumen pH by elevating the pH optimum, which is required for froth formation (MacArther and Miltimore 1969) ; unfortunately pH was not measured in this study, but should be measured in future related studies.
The time the steers spent in the alfalfa was 62.591.8 and 70.591.8% for the 50 and 75% alfalfa treatments, respectively. While there was no direct measurement of intake in this study, the greater time spent in the legume (P B0.02) suggests preferential consumption of alfalfa. Rutter et al. (2004) also reported that dairy heifers preferred a legume over grass in a similar type of paddock situation. Their animals spent 51 and 77% of their grazing time consuming clover when offered mixtures of 25 and 75% clover with ryegrass, respectively. These authors also reported that heifers had a preference for clover in the morning with an increasing consumption of grass towards the evening. However, the reported diurnal change in legume consumption in the 75% clover field was small, decreasing by approximately 10% (Rutter et al. 2004 ). The preference observations in our study were only recorded in the morning so a diurnal change could not be discerned. Rutter et al. (2004) concluded that in the absence of bloat, clover was still preferred, which supported the concept of preference of the legume over grass in grazing sheep and cattle (Rutter 2006) . We have also shown that for cattle, even under risk of bloat, alfalfa is also preferred over grass.
The results of this experiment demonstrated that compared with pure stands of alfalfa, pastures containing alfalfa and orchardgrass growing in monoculture strips significantly reduced the incidence of bloat in grazing steers. The results show promise, but more research is needed to exploit the potential of this approach in production systems with larger numbers of growing cattle.
